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Abstract 

Introduction: As the population ages, the number of injured elderly is increasing. We sought to determine if low 
skeletal muscle mass adversely affected outcome in elderly patients following trauma. 

Methods: Patients > 65 years of age with an admission abdominal computed tomography scan and requiring 
intensive care unit (ICU) stay at a Level I trauma center in 2009-2010 were reviewed. Muscle cross-sectional area at 
the 3rd lumbar vertebra was quantified and muscle index, a normalized measure of muscle mass, was calculated 
and related to clinical parameters including ventilator-free days, ICU-free days, and mortality. Using previously 
established sex-specific, muscle index cut-points, patients were then categorized as sarcopenic or non-sarcopenic 
and differences in clinical outcomes between these two groups were also compared. We also examined muscle 
index as a continuous variable relative to the same clinical outcomes. 

Results: There were 149 severely injured elderly patients (median age 79 years) enrolled in this study of which 71% 
were sarcopenic. Of the patients who were sarcopenic, 9% were underweight, 44% normal weight, and 47% 
overweight/obese as per body mass index (BMI) classifications. The overall mortality rate was 27% and univariate 
analysis demonstrated higher mortality among those who were sarcopenic (32% vs. 14%, P = 0.018). After controlling 
for age, sex, and injury severity, multiple logistic regression demonstrated that increased muscle index was significantly 
associated with decreased mortality (OR per unit muscle index = 0.93, 95% CI: 0.875-0.997, P = 0.025). In addition, 
multivariate linear regression showed that sarcopenia, but not muscle index, was associated with decreased 
ventilator-free (P = 0.004) and ICU-free days (P = 0.002). Neither BMI, serum albumin nor total adipose tissue on 
admission were indicative of survival, ventilator-free or ICU-free days. 

Conclusions: Sarcopenia is highly prevalent in the elderly population with traumatic injuries. Traditional measures of 
nutritional assessment, such as BMI and serum albumin, do not accurately predict outcome in the injured elderly. 
Sarcopenia, however, represents a potential new predictor for mortality, discharge disposition, and ICU utilization. 
Measurement of muscularity allows for the early identification of at-risk patients who may benefit from aggressive and 
multidisciplinary nutritional and rehabilitative strategies. 
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Introduction 

Elderly patients admitted to the ICU experience worse 
clinical outcomes, including higher mortality rates and lon- 
ger hospital length of stay (LOS) than nonelderly patients 
[1-4]. Although the injured elderly also experience a higher 
mortality rate than younger patients [5], the majority of in- 
jured elderly admitted to the ICU survive to discharge [6]. 
Of the elderly patients who survive in the ICU as well as 
hospitalization, most demonstrate impaired physical, cog- 
nitive and social functioning [4,7,8], which may continue 
during recovery and pose a drain on healthcare resources 
[9]. The presence of other comorbidities, poor nutritional 
status and other factors may exacerbate clinical and func- 
tional outcomes in survivors. 

Traditionally, malnutrition at hospital admission has 
been determined by multiple factors that may include 
body mass index (BMI) and serum albumin. Albumin is 
typically a poor marker of nutritional status [10], and, in 
the acute trauma setting, albumin may be affected by 
changes in intravascular volume and other factors, thus 
making it a less reliable predictor of nutritional status. 
Low BMI (<18.5 kg/m ) is also strongly related to in- 
creased mortality in elderly patients who have been ad- 
mitted to the hospital [11]. However, BMI is a crude 
measurement based on height and weight and provides 
an assessment of body size without any distinction be- 
tween different tissues (for example, lean versus adipose 
tissue). Poor nutrition during hospital stay in the critic- 
ally ill [12] (which includes elderly trauma patients; see 
[13]), as well as prolonged immobility as a consequence 
of critical illness, may lead to greater risk for muscle loss 
during the ICU stay [14]. Skeletal muscle mass is highly 
important in immune function, glucose disposal, protein 
synthesis and mobility; therefore, decreases in skeletal 
muscle can result in a plethora of physiologic impair- 
ments [15-17]. Fat mass may also be important to clin- 
ical outcomes. In the elderly, increased fat mass has 
been associated with decreased mortality [18], whereas 
in a population comprising younger and older adults, in- 
creased fat mass was associated with increased LOS [19]. 

We therefore sought to determine whether low 
muscularity and low adiposity adversely affect out- 
comes in elderly patients admitted to the ICU follow- 
ing trauma. We hypothesized that low muscle mass 
would be prevalent in injured elderly patients at the 
time of ICU admission and that those patients with 
low muscle mass and/ or low fat mass would have 
poorer clinical outcomes. 

Materials and methods 

Patient selection 

This study was approved by the Institutional Review Board 
(IRB) of the University of Texas Health Science Center at 
Houston and the University of Waterloo Research Ethics 



Board. The study was determined to qualify for exempt 
status by the IRB because data were collected from 
existing patient records. Therefore, the need for patient 
consent to participate was waived. 

Injured elderly patients (> 65 years) admitted to the 
ICU at Texas Memorial Hermann Hospital (level 1 
trauma center) in 2009 and 2010 were identified. Of 
the identified patients, those for whom we had a 
computed tomography (CT) scan of the abdomen for 
diagnostic purposes on the day of admission were in- 
cluded, and their deidentified CT images were ana- 
lyzed for skeletal muscle and adipose tissue cross- 
sectional areas. 

Physical characteristics and variables 

Demographic data parameters obtained included age; sex; 
mechanism of injury; head, chest and abdomen abbrevi- 
ated Acute Injury Scale (AIS) score; Injury Severity Scale 
(ISS) score; admission serum albumin level; admission sys- 
tolic blood pressure (SBP); body temperature; base deficit; 
hemoglobin and hematocrit levels; international normal- 
ized ratio (INR); height (in centimeters); weight (in ki- 
lograms); length of hospital stay and ICU stay; number 
of days requiring mechanical ventilation; and mortality. 
Height and weight were used to calculate BMI (calculated 
as weight in kilograms divided by height in meters 
squared), allowing for classification of weight categories as 
follows: underweight (BMI <18.5), normal (BMI 18.5 to 
24.9), overweight (BMI 25 to 29.9), and obese (BMI >30 
kg/m^) [20]. 

Computed tomography image analysis 

Skeletal muscle and adipose tissue cross-sectional areas 
were quantified using single-slice CT scans at the third 
lumbar vertebra (L3). Tissue cross-sectional areas at this 
landmark are strongly correlated to whole-body muscle 
and adipose tissue mass distribution [21-23]. Skeletal 
muscle tissues quantified included the psoas, erector 
spinae, quadratus lumborum, transverse abdominal, in- 
ternal and external obliques and rectus abdominus. Adi- 
pose tissue compartments analyzed included subcutaneous 
(SAT), visceral (VAT) and intramuscular (IMAT). Summa- 
tion of these compartments allowed for quantification of 
total adipose tissue (TAT). 

CT scans were analyzed for body composition using 
sliceOmatic version 4.3 image analysis software 
(TomoVision, Montreal, QC, Canada). This software al- 
lows the precise quantification of specific tissues using 
Hounsfield unit thresholds defined at -29 to 150 for skel- 
etal muscle [24], -150 to 50 for VAT [25] and -190 to -30 
for both SAT and IMAT [24]. Cross-sectional area in cen- 
timeters squared was computed for each tissue by sum- 
ming tissue pixels and multiplying by pixel surface area. 
All CT images were analyzed by a trained analyst. Intra- 
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and inter-analyst coefficients of variation were calculated. 
For the intra-analyst coefficient of variation, the primary 
analyst reanalyzed 10 random scans approximately 
7 months after the time that the original scans were ana- 
lyzed. A second analyst analyzed 90 randomly selected CT 
scans, and inter-analyst coefficients of variation were cal- 
culated and gave the following results: 1.2%, 3.4%, 0.95%, 
0.68% and 0.51% for skeletal muscle, IMAT, VAT, SAT and 
TAT, respectively. The mean intra-analyst coefficients of 
variation for skeletal muscle, IMAT, VAT, SAT and TAT 
were 0.37%, 2.0%, 0.67%, 0.48% and 0.49%, respectively. 
These inter- and intra-analyst coefficients of variation are 
in the same ranges described in previous studies in which 
these specific tissues have been examined [26,27]. 

To normalize the diversity in patients' height, skeletal 
muscle cross-sectional area at L3 (in centimeters squared) 
was divided by height in meters squared. This value is de- 
noted as muscle index (centimeters squared divided by me- 
ters squared), with a lower value representing lower muscle 
mass. Using the muscle index, patients were also catego- 
rized as sarcopenic or nonsarcopenic based on previously 
reported muscle index cut-points, less than 38.9 cm /m 
for females and less than 55.4 cm^/m^ for males [21]. Those 
below these cut-points were identified as sarcopenic. 

Similarly to those used to quantify skeletal muscle, re- 
gression equations have been derived from a healthy 
population to estimate VAT [23] and from an advanced 
cancer population to estimate TAT [21] from single-slice 
cross-sectional areas. VAT and TAT cross-sectional area 
indices were normalized based on patient height. Cut- 
points for identifying patients with low VAT and/or low 
TAT do not currently exist. For the purposes of this study, 
the median VAT and TAT index values were determined 
for males and females and used as arbitrary cut-points to 
distinguish high- and low-fat masses. VAT and TAT indi- 
ces were also examined as continuous variables. 

Statistics 

Continuous data are presented as medians with 25th 
and 75th interquartile ranges (IQRs), with comparisons 
between the groups performed using the Wilcoxon 
rank-sum test (Mann- Whitney U test). Categorical data 
are reported as proportions and, where appropriate, 
tested for significance using a test or Fisher's exact 
test. All statistical tests were two-tailed, and P < 0.05 
was set as the statistical significance level. 

Purposeful regression modeling was then used to con- 
struct a multivariate linear regression model and then a 
multivariate logistic regression model to evaluate out- 
comes in patients according to different measures of nu- 
tritional status [28]. In an effort to minimize the risk of 
falsely identifying significant results with multiple com- 
parisons, all variables were specified and judged a priori 
to be clinically sound. These independent variables 



included age, sex, ISS score, arrival vital signs, and la- 
boratory values. After these variables were calculated, 
they were entered into stepwise regression that gener- 
ated three variables of significance (age, sex and ISS 
score). These were then appUed in a sequential (rather 
than simultaneous) fashion to both multivariate logistic 
and linear regression analyses to evaluate these variables 
and admission values of nutritional status. STATA ver- 
sion 10.0 software (Stata Corp, College Station, TX, 
USA) was used for statistical analysis. 

Results 

Physical characteristics 

One hundred fifty-three elderly patients who were ad- 
mitted to the ICU following injury had an abdominal 
CT scan that encompassed L3 and could subsequently 
be used for evaluation of muscle and fat depots. TAT 
could not be calculated for four patients, as SAT was 
outside the CT viewing field and thus could not be 
quantified, so these patients were excluded from further 
analysis. Of the remaining 149 patients (85 males and 64 
females), overall, patients had a median BMI of 25.6 kg/ 
m^ (IQR = 22.7 to 28.2) (Table 1). On the basis of BMI, 
57% of all patients were overweight and/or obese, 
whereas only 7% were underweight. In contrast, CT 
image analysis demonstrated that 106 (71%) of 149 pa- 
tients were sarcopenic at the time of ICU admission, in- 
dependent of their BMI. In the sarcopenic group, 38% 
were characterized as overweight and 9% were character- 
ized as sarcopenic and obese (patients who were obese 
concurrently categorized as sarcopenic). Sarcopenic pa- 
tients had significandy lower total fat mass compared with 
nonsarcopenic patients (P = 0.016) (Table 1). 

Patients in the whole sample were severely injured 
with an average ISS score of 19 (Table 2). The overall 
median age was 79 years (IQR = 72 to 85), with 
sarcopenic patients being significantly older {P = 0.007). 
The most common mechanism of injury was motor ve- 
hicle collision, followed by same-level falls (Table 2). 
There were no differences between sarcopenic and non- 
sarcopenic patients in terms of the following parameters: 
ISS score; AIS score by body region for head, chest and ab- 
domen; admission blood pressure; base deficit; albumin; 
and coagulation. However, sarcopenic patients tended to 
have a higher incidence of falls from standing position {P = 
0.055) (Table 2). Nonsarcopenic patients had significantly 
lower admission hemoglobin {P = 0.016) (Table 2). 

Low sl<eletal muscle mass relates to poor clinical 
outcomes 

The overall mortality rate in the study population was 
27%. More than twice the number of sarcopenic patients 
died in the hospital compared with nonsarcopenic pa- 
tients (32% versus 14%; P = 0.018) (Table 3). Of the 
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Table 1 Physical characteristics of injured elderly patients at ICU admission^ 


Characteristics 


All patients 


Sarcopenic 


Nonsarcopenic 






(W= 149) 


(n = 106) 


(n = 43) 


P-value 


BMI (kg/m^) 


25.6 (22.7 to 28.2) 


24.4 (21.7 to 27.3) 


27.6 (25.5 to 30.4) 


<0.001 


Underweight (%) 


7 (n = 10) 


9 (n = 9) 


2(n= 1) 


0.13 


Normal weight (%) 


37 (n = 55) 


44 (n = 47) 


1 9 (n = 8) 


0.004 


Overweight (%) 


42 (n = 52) 


38 (n = 40) 


51 (n = 22) 


0.14 


Obese (%) 


1 5 (n = 22) 


9 (n = 10) 


28 (n = 12) 


0.003 


Muscle cross-sectional area (cmVm^) 










All patients 


42.7 (36.1 to 49.3) 


38.8 (340 to 45.7) 


50.7 (43.3 to 56.9) 


<0.001 


Estimated whole-body muscle mass (kg) 


23.8 (19.5 to 27.6) 


23.1 (18.9 to 26.8) 


25.6 (21.7 to 32.9) 


0.002 


Total fat cross-sectional area (cmVm^) 


108 (734 to 146) 


98.8 (70.3 to 1 35) 


131 (95.8 to 177) 


<0.001 


Estimated whole-body total fat mass (kg) 


24.3 (19.6 to 29.9) 


22.8 (19.4 to 28.9) 


26.3 (22.3 to 34.1) 


0.016 


Visceral fat cross-sectional area (cmVm^) 


43.5 (254 to 70.6) 


41.7 (21.3 to 71.0) 


52.0 (33.8 to 70.6) 


0.24 


Estimated visceral fat mass (kg) 


2.8 (1.5 to 4.5) 


2.8 (1.3 to 4.5) 


2.7 (2.0 to 4.1) 


0.63 



^BMI = body mass index. Data for BMI, muscle cross-sectional area, estimated whole-body muscle mass, total fat cross-sectional area, estimated total fat mass, 
visceral fat cross-sectional area and estimated visceral fat mass are presented as medians (interquartile ranges). P-values depict the statistical difference between 
sarcopenic and nonsarcopenic patients, with statistical significance set at P < 0.05. 



Table 2 Diagnostic characteristics of injured elderly patients at ICU admission^ 


Characteristics 


All patients 


Sarcopenic 


Nonsarcopenic 


P-value 




(W= 149) 


(n = 106) 


(n = 43) 




Age (yr) 


79 (72 to 85) 


80 (73 to 86) 


76 (68 to 83) 


0.007 


Sex 










Male (%) 


57 (n = 85) 


67 [n = 71) 


33 [n = 14) 


<0.001 


Female (%) 


43 (n = 64) 


33 (n = 35) 


67 (n = 29) 




Mechanism of injury 










MVC (%) 


51 (n = 76) 


47 (n = 50) 


60 (n = 26) 


0.150 


Fall (%) 


37 (n = 60) 


45 (n = 48) 


28 (n = 1 2) 


0.055 


Automobile-pedestrian (%) 


4 (n = 6) 


5 (n = 3) 


10 (n = 4) 


0.25 


Other (%) 


8 (n = 1 2) 


3 (n = 5) 


2(n = l) 


0.73 


SS score 


19 (14 to 26) 


20 (14 to 29) 


17 (13 to 24) 


0.17 


Low-energy mechanism (%) 


45 {n = 67) 


50 {n = 53) 


30 (n = 1 3) 


0.025 


Head AIS score 


3 (3 to 4) 


4 (3 to 4) 


3 (3 to 4) 


0.083 


Chest AIS score 


3 (3 to 4) 


3 (3 to 3) 


3 (3 to 3) 


0.14 


Abdomen AIS score 


2 (2 to 3) 


2 (2 to 3) 


3 (2 to 3) 


0.51 


ED SBP (mmHg) 


137 (llOto 161) 


136 (108 to 158) 


142 (124 to 161) 


0.21 


ED temperature (°F) 


97.2 (96.4 to 98.1) 


97.2 (96.3 to 98.1) 


97.3 (96.9 to 98.2) 


0.24 


ED base value 


-1.5 (-5 to 2) 


-1.5 (-4 to 2) 


-1.5 (-6.5 to 2.5) 


0.94 


ED hemoglobin (g/dl) 


9.7 (7.6 to 1 2.6) 


11.8 (7.7 to 13.1) 


7.8 (7.4 to 9.7) 


0.015 


ED INR 


1.28 (1.09 to 1.55) 


1.24 (1.08 to 1.52) 


1.43 (1.16 to 2.08) 


0.18 


ED albumin (g/dl) 


3.4 (3.2 to 3.8) 


34 (3.1 to 3.8) 


3.5 (3.2 to 3.6) 


0.53 



^AIS = Acute Injury Scale score, ED = Emergency Department, F = Fahrenheit, INR = international normalized ratio, ISS = Injury Severity Scale score, MVC = motor 
vehicle collision, SBP = systolic blood pressure. Data are presented as medians (interquartile ranges). The following data are presented as medians (interquartile 
ranges): age, ISS score, head AIS score, chest AIS score, abdomen AIS score, ED SBP, ED body temperature, ED base value, ED hemoglobin, ED INR and ED albumin. 
P-values depict statistical differences between sarcopenic and nonsarcopenic patients, with statistical significance set at P < 0.05. 
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Table 3 Relationship of mortality to sarcopenia, total 
adiposity and visceral adiposity 



Group 

/-laccif ifatirtn 
la 331 1 ILaLIUI 1 


Proportion of 

UCI.CCI3CU 

patients 


P-value for proportion of 

H^f^AcoH inHiviHi inic K^two^n 

UC\.CC13CU IIIUIVIUUCII3 UCLWCCII 

each groups 


Sarcopenic 


32% (34/106) 


0.018'' 


Nonsarcopenic 


14% (6/43) 




Low total fat 
mass 


32% (25/77) 


0.1 1'^ 


High total fat 
mass 


21% (14/68) 




Low visceral 
fat mass 


33% (26/78) 


0.1 8^* 


High visceral 
fat mass 


20% (14/71) 





^Statistical significance was accepted at P < 0.05. "^P-value for proportion of 
deceased individuals between sarcopenic and nonsarcopenic patients. '^P-value 
for proportion of deceased individuals between patients with low and high 
total fat mass. ^P-value for proportion of deceased individuals between 
patients with low and high visceral fat mass. 



nonsarcopenic patients who survived, 26% were dis- 
charged to home, compared with only 14% of sarcopenic 
patients (P = 0.085). After controlling for age, sex and ISS 
score, multivariate logistic regression analysis demon- 
strated that decreased muscle index, but neither BMI nor 
serum albumin, was significandy associated with in- 
hospital mortality (odds ratio (OR) = 0.93, 95% confidence 
interval (CI) = 0.875 to 0.997; P = 0.025) (Table 4). As 
such, every unit increase in muscle index is associated 
with a 7% OR reduction in mortality. 

After controlling for age, sex and injury severity, 
multivariate linear regression analysis demonstrated that 
neither muscle index nor BMI was significantly associ- 
ated with ventilator-free and ICU-free days {P = 0.19 
and 0.36, respectively, for muscle index; P = 0.85 and 
0.75, respectively, for BMI) (Table 5). In contrast, when 
we compared patients who were sarcopenic with those 
who were nonsarcopenic, we found that sarcopenic pa- 
tients had significantly lower ventilator-free days (me- 
dian = 19 (IQR = 0 to 28) vs. median = 27 (IQR = 18 to 
28), respectively; P = 0.004) and significantly lower ICU- 
free days (median = 19 (IQR = 0 to 25) vs. median = 16 
(IQR = 0 to 24), respectively; P = 0.002). 



Table 4 Multiple logistic regression model predicting 
survival in hospital after controlling for age, sex and 
Injury Severity Scale score^ 



Measurement 


Odds ratio 


95% CI 


P-value 


Muscle index 


0.93 


0.! 


^75 to 0.997 


0.025 


TAT index 


0.99 


0.? 


}9 to 1.001 


0.11 


BMI (kg/m^) 


0.97 


0.! 


i6 to 1 .09 


0.62 


Albumin (g/dl) 


3.75 


O.f 


53 to 2241 


0.15 



^BIVll = body mass index, TAT = total adipose tissue. Statistical significance was 
accepted at P < 0.05. 



Table 5 Multivariate linear regression model predicting 
ventilator-free and ICU-free days after controlling for 



age, sex and Injury Severity Scale score^ 


Measurement 


Coefficient of correlation 


95% CI 


P-value 


Ventilator-free days 






Muscle index 


0.060 


-0.025 to 0.126 


0.19 


TAT index 


-0.004 


-0.026 to 0.017 


071 


Albumin 


549 


-0.648 to 11.618 


0.078 


BMI 


-0.043 


-0.49 to 0.40 


0.85 


ICU-free days 








Muscle index 


0.032 


-0.037 to 0.101 


0.36 


TAT index 


-0.002 


-0.022 to 0.017 


0.82 


Albumin 


5.32 


0.032 to 10.61 


0.049 


BMI 


-0.065 


-047 to 0.34 


0.75 



^BMI = body mass index, CI = confidence interval, TAT = total adipose tissue, 
VAT = visceral adipose tissue. Statistical significance was accepted at P < 0.05. 



Lower fat mass is not correlated with poor clinical 
outcomes 

Overall, patients had a median total fat mass of 24.3 kg 
(IQR 19.6 to 29.9). Patients with sarcopenia had signifi- 
cantly less total fat than those who were not sarcopenic 
(22.8 kg vs. 26.3 kg; P = 0.016) (Table 1). There were no 
differences in VAT mass between sarcopenic and 
nonsarcopenic patients (P = 0.63) (Table 1). The median 
VAT index (60.8 and 32.5 cm^/m^ for males and females, 
respectively) and TAT index (115.6 cm /m for males 
and 95.5 cm^/m^ for females) were used as arbitrary cut- 
points to distinguish high and low fat masses. After con- 
trolling for age, sex and injury severity, multiple logistic 
regression demonstrated that a low TAT index was not 
associated with mortality (P = 0.11) (Table 4). 

Patients with low versus high TAT had a median of 17 
ventilator-free days (IQR = 0 to 28) and 25 ventUator-free 
days (IQR = 0 to 28), respectively {P = 0.54), and 11 ICU- 
free days (IQR = 0 to 24) and 20 ICU-free days (IQR = 0 
to 25), respectively {P = 0.31). Patients with low VAT had 
26 ventilator-free days (IQR = 2 to 28) versus 25 
ventilator-free days (IQR = 0 to 28) for those with high 
VAT (P = 0.55). Similarly, median ICU-free days were 23 
(IQR = 0 to 25) and 19 (IQR = 0 to 25) for patients with 
low VAT and high VAT, respectively (P = 0.69). After con- 
trolling for age, sex and injury severity, multivariate linear 
regression analysis demonstrated that TAT index was not 
significandy associated with ventUator-free and ICU-free 
days {P = 0.71 and P = 0.82, respectively) (Table 5). 

Discussion 

We conducted a study of severely injured elderly pa- 
tients admitted to the ICU and found that, at the time 
of admission, 71% were sarcopenic based on sex- 
specific cut-points [21]. Importantly, patients identified 
as sarcopenic had significantly increased mortality and 
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decreased ventilator-free and ICU-free days. Interestingly, 
despite the frequency of sarcopenia in our injured elderly 
population, 7% of the patients were underweight, 37% 
were normal weight and 57% were overweight or obese as 
defined by BMI. Neither BMI nor serum albumin upon 
admission were predictive of survival, ventilator-free days 
or ICU-free days. 

CT scans are frequently performed in trauma patients 
[29]. Single-slice CT images in the L3 region can predict 
whole-body muscle and adipose tissue volume in healthy 
[22,23] and diseased [21,30] populations. To the best of 
our knowledge, this study is the first in which CT im- 
aging has been used for precise body composition ana- 
lysis of critically injured patients. Other clinical 
populations, such as cancer cohorts, who tend to experi- 
ence disease-related muscle atrophy, have exhibited a 
prevalence of sarcopenia of about 50% [21,30,31], less 
than the incidence in the injured elderly patients in our 
study. CT images are a powerful tool with which to ad- 
vance our understanding of muscle and adipose tissue 
losses and their implications for clinical outcomes. 

Traditional measures of weight, BMI and serum albu- 
min are typically used to assess nutritional status and 
nutrient requirements of patients at admission and to 
detect changes during ICU and hospital stays. The 
present study suggests that at-risk patients may be 
overlooked using these traditional indicators or nutri- 
tional status. Muscularity therefore represents a poten- 
tial new marker for identifying mortality risk but, more 
importantly, permits the early identification of patients 
who may benefit from aggressive and integrated nutri- 
tion and rehabilitative therapies. 

After trauma in particular, muscle atrophy may be fur- 
ther exacerbated with prolonged bed rest, iatrogenic 
malnutrition, immobilization of fractured extremities, 
multiple surgeries as a result of injury and hyper- 
metabolism, all of which are factors associated with 
sarcopenia. Acquired weakness following any prolonged 
critical illness impairs functional capacity and is an im- 
portant contributor to the ongoing morbidity experi- 
enced by survivors of critical illness [9]. Skeletal muscle 
is also highly important in regulating immune function, 
glucose disposal and protein synthesis. Loss of lean tis- 
sue is specifically correlated with morbidity, increased 
hospital LOS and mortality [16,32,33]. Though the in- 
jured elderly admitted to the ICU receive inadequate nu- 
trition [13], we do not know the extent to which 
optimizing nutrition after injury will have on muscle mass, 
as malnutrition is only one factor contributing to 
sarcopenia [34]. Skeletal muscle atrophy can impair cyto- 
kine [15] and insulin signaling, which may result in glu- 
cose intolerance [35,36] because more than 75% of 
glucose is handled by skeletal muscle [37]. Sarcopenia it- 
self is associated with an increased risk of developing 



nosocomial infections [38]; however, we did not analyze 
nosocomial infections in this study. Sarcopenic patients 
had a higher incidence of falls from standing position. It is 
possible that decreased muscle mass may have contributed 
to postural instability, thus contributing to these findings. 

Though increased fat mass is typically associated with 
various comorbidities, including diabetes and cardiovascu- 
lar disease [39], increased fat mass appears to be protect- 
ive and is associated with decreased risk of adverse events 
in hospitalized ICU patients [18]. In the present study, 
there were no overall associations between total and vis- 
ceral fat mass with ventilator-free and ICU-free days. 

Methodological limitations 

Despite the novelty of the use of CT images to identify 
specific features of body composition, future work is 
warranted to prospectively evaluate body composition 
using this methodology, accompanied by metabolic mea- 
sures, to better understand the clinical implications of 
low muscle and fat mass. In addition, the prevalence of 
overweight and/or obese sarcopenic patients is of par- 
ticular interest, given the increasing rate of obesity. Ac- 
curate documentation of comorbidities is important for 
future study designs, as comorbidities could contribute 
to poor clinical outcomes in these patients and were not 
controlled for in our present analyses. 

Although sarcopenia has been reported in the elderly, 
this study was the first, to the best of our knowledge, to 
examine the implications of low muscularity or sarco- 
penia in injured, elderly ICU patients. CT is not 
performed on every ICU patient, as it is expensive and 
involves considerable radiation exposure for prospective 
evaluation of body composition [40]. However, the use 
of CT in the initial evaluation of severely injured pa- 
tients is common, opening the possibility of early assess- 
ment of muscularity in this patient population. 
Preliminary data published by Gruther et al. [32] suggest 
that muscle thickness may negatively correlate with ICU 
LOS, but no attempts have been made to correlate 
muscle thickness on ultrasound with that measured by 
CT. This area is one that we are currently investigating 
in a prospective, multicenter study. 

Conclusions 

We used the precision of CT to quantify muscle and fat 
mass in a cohort of injured, elderly ICU patients. We 
found that 71% of these patients were sarcopenic at ad- 
mission, despite the fact that BMI identified only 9% of 
patients as underweight. Interestingly, 47% of sarcopenic 
patients were overweight or obese based on BMI mea- 
surements, which is a large proportion of patients who 
may be at risk for malnutrition. BMI is a parameter that 
is commonly used to screen nutritional status and calcu- 
late nutrient requirements. However, it fails to account 
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for this large cohort of patients with low muscularity 
who may benefit from more aggressive and integrated 
nutritional and rehabilitative strategies to attenuate in- 
ICU muscle loss. The presence of sarcopenia had nega- 
tive implications on mortality, ventilator-free days and 
ICU-free days. The use of CT to identify patients who 
have low muscularity is an important tool for future in- 
vestigations that aim to improve clinical outcomes in in- 
jured, elderly ICU patients. 

Key messages 

• Low muscle mass and/or sarcopenia are very 
prevalent in geriatric trauma patients and are 
associated with increased mortality. 

• Sarcopenia is associated with decreased ventilator- 
free days and ICU-free days. 

• Traditional measures of nutritional assessment (that 
is, BMI, serum albumin) do not accurately predict 
outcomes in elderly patients admitted to the ICU. 

• Diagnostic CT scans are a useful tool for identifying 
specific features of body composition and relating 
them to clinical outcomes. 
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